The results of previous studies assessing the association between the 5-HTTLPR polymorphism of serotonin transporter gene and irritable bowel syndrome (IBS) are inconsistent. The aim of this study was to clarify the association between the 5-HTTLPR mutation and the presence of IBS and its subtypes with a meta-analysis of 25 studies.
Methods:
A thorough search for case-control studies evaluating the association between the 5-HTTLPR polymorphism of serotonin transporter gene and the presence of IBS was carried out in four electronic databases. A meta-analysis was performed in accordance with the Cochrane Handbook for systemic reviews.
Results: A total of 25 articles with 3443 IBS cases and 3359 controls were included into our meta-analysis. No significant association was found between this polymorphism and IBS in all populations. Whereas the LL genotype was demonstrated to be a risk factor for constipation predominant IBS (IBS-C) development in the overall population (LL vs SS: OR = 1.570, 95% CI = 1.147-2.148, P = 0.005, Bon = 0.030; LL vs LS: OR = 1.658, 95% CI = 1.180-2.331, P = 0.004, Bon = 0.024; LL vs LS/SS: OR = 1.545, 95% CI = 1.187-2.012, P = 0.001, Bon = 0.006). In the analysis of different ethnicities, L allele and LL genotype were significantly associated with increased IBS-C risk in the East Asian population (L vs S: OR = 1.487, 95% CI = 1.139-1.941, P = 0.003, Bon = 0.018; LL vs SS: OR = 2.575, 95% CI = 1.741-3.808, P = 0.000, Bon = 0.000; LL vs LS: OR = 3.084, 95% CI = 2.017-4.715, P = 0.000, Bon = 0.000; LL vs LS/SS: OR = 2.759, 95% CI = 1.933-3.938, P = 0.000, Bon = 0.000), but not in the Caucasian population.
Conclusions: Different from the conclusions of the earlier meta-analyses, the 5-HTTLPR mutation affects IBS-C but not IBS-D and IBS-M development and this effect only exists in the East Asian population but not other populations.
Background
Irritable bowel syndrome (IBS) mainly affecting lower gastrointestinal (GI) tracts is a chronic functional GI disorder with an obvious heterogeneity among affected patients. The characteristic presentation of IBS is recurrent abdominal pain accompanied with altered bowel habits [1, 2] . According to the Rome III criteria, IBS is categorized into diarrhea predominant IBS (IBS-D), constipation predominant IBS (IBS-C), mixture of diarrhea and constipation IBS (IBS-M) and un-subtyped IBS [3] . IBS is a common disorder encountered by gastroenterologists and its prevalence is approximately 10% [4] . IBS can impair the quality of life and the work efficiency of affected patients. Due to the elusive etiology of IBS, there is still no curative therapy for this condition. Therapy for relieving symptoms is still the mainstay for IBS patients. Long term symptomatic treatment results in an economic burden on not only patients and their families but also healthcare systems [5] . Despite lacking of the definite etiology, some advancements have been achieved in understanding the pathophysiology underlying IBS development in recent years. Gut motility dysfunction, visceral hypersensitivity and psychopathological factors have been implicated to play key roles in the development of IBS [1, 3] .
Serotonin is a neurotransmitter existing in both central nervous system (CNS) and GI tracts, and regulates GI tracts motility, visceral sensation and mucosal secretion through a paracrine signaling pathway [6] . Previous studies have shown that elevated plasma serotonin is associated with IBS-D and decreased plasma serotonin is associated with IBS-C [7] . Once serotonin is secreted from enterochromaffin (EC) cells, serotonin reuptake transporter (SERT) will be activated to reuptake serotonin back into EC cells and attenuate the effect of serotonin in GI tracts subsequently [8] . Balance between these two opposite processes determining the net tone of serotonin in GI tracts is critical to the maintenance of normal gut functions, especially of GI tracts motility. Changes of the SERT activity would break this balance and could be involved in the development of IBS theoretically. A polymorphism of SERT gene (5-HTTLPR) with a short (S) variation of 14 repeats and a long (L) variation of 16 repeats has been proven to influence the activity of SERT [9] [10] [11] . So 5-HTTLPR is very likely to be associated with the development of IBS. Casecontrol studies about 5-HTTLPR were conducted to verify this hypothesis. Some studies demonstrated a positive association between this polymorphism and IBS [10, 11] , while another study failed to confirm this association [12] . A meta-analysis of 8 studies conducted in 2007 tried to reach a definite conclusion and showed a negative result [13] . However, the small sample size of this meta-analysis weakened its strength of evidence and this meta-analysis did not terminate the controversy about 5-HTTLPR in IBS development. Another meta-analysis published in a letter showed a positive association between this polymorphism and IBS-C [14] . However, this meta-analysis did not include all the published articles and did not assess the association in different ethnic groups. The third one included most of the publish articles and concluded that 5-HTTLPR was associated with IBS [15] . The third metaanalysis also had limitations and did not assess the association in different IBS subtypes. The association may be different in different IBS subtypes and different ethnic groups. Hence we performed this meta-analysis including all published studies accompanied with ethnic subgroup analyses and IBS subtype analyses to clarify whether 5-HTTLPR was associated with the development of IBS and its subtypes.
Methods

Searching strategies
Case-control studies evaluating the association between the 5-HTTLPR polymorphism and IBS were searched in PubMed, Embase and Web of Science with the combinations of the following searching terms: "irritable bowel syndrome", "IBS", "serotonin", "5-Hydroxytryptamine", "5-HT", "polymorphism", "polymorphisms", "single nucleotide", "allele" and "genotype". We also searched China National Knowledge Infrastructure (CNKI) for additional relevant researches. Reference lists of each article, relevant meta-analyses and reviews were searched as well. The last searching date was July 12, 2013.
Study selection criteria
Studies included in this meta-analysis fulfilled the following selection criteria: 1) Case-control studies with a healthy control arm. 2) Studies evaluating the association between the 5-HTTLPR polymorphism and IBS.
3) IBS diagnosis according to Rome I or II or III criteria. 4) Articles providing allele and genotype frequencies or odds ratios (OR) and 95% confidence intervals (95% CI). Exclusion criteria were as the follows: 1) Republication.
2) Family based studies. If the data of a study was published in different articles, the article with the largest sample size would be included in this meta-analysis. If the data of a study was published not only as an abstract but also as a full text article in different magazines, we selected the full text article to analyze in order to assess the quality of the research more comprehensively. During study selection, two authors would read the highly relevant articles independently to determine eligible studies. A third author would be consulted and the decision would be reached through discussions when a disagreement was encountered.
Data abstraction
A standard data extraction form was used to abstract data by two investigators. And the data extraction items included: first author, publication year, region where the study was conducted, ethnicity, case and control definition, allele and genotype frequencies in each group and the method of polymorphism detection. When we encountered an article neither in English nor in Chinese, would a professional translator be consulted to interpret the article.
Assessment of the risks of bias
Risks of bias were assessed with the following items: 1) Selection bias (cases and controls selections; selections based on disease subtypes), 2) Information bias (genotyping quality control procedures, genotyping under blind conditions and phenotype misclassification rate), 3) Confounding factors (ethnic origin between cases and controls, age and gender distribution between cases and controls).
Quantitative data synthesis
Hardy-Weinberg equilibrium in the control group of each study was assessed using the chi-square test, while P < 0.05 was considered disequilibrium. Paired combinations of genotypes were used to determine the hereditary models: 1) an allelic analysis (L versus S); 2) a genotypic analysis (LL versus SS, LL versus LS, LS versus SS) and 3) another genotypic analysis evaluating dominant or recessive effects of allele L (LL versus LS/SS, LL/LS versus SS). OR and its 95% CI were calculated with the methods recommended by the Cochrane Collaboration [14] . Statistical heterogeneity among studies was detected with the Q test, with a value of P < 0.10 indicating heterogeneity existence. The I 2 statistics was also employed to assess the risks of heterogeneity: 0%-40% meant no risk of heterogeneity, 30%-60% meant a low risk of heterogeneity, 50%-90% meant substantial heterogeneity and 75%-100% meant considerable heterogeneity [16] . The I 2 statistics less than 40% was used as the threshold to determine heterogeneity existence in this meta-analysis. If the Q test and the I 2 statistics both indicated no existence of heterogeneity, a fixed model with the Mantel-Haenszel method would be employed to pool data. Otherwise, a random model with the DerSimonian-Laird method would be applied to synthesize data. Funnel plots and Egger's test were used to examine publication bias [17, 18] . The step down Bonferroni method was used for the multiple comparison adjustments [19] . Moreover, Student's t test and box plots were used to determine allele L variations among different ethnicities. Stata 
Results and discussion
Results
Characteristics of selected studies
A total of 372 potentially relevant publications were identified from the four databases (PubMed: 73; Web of Science: 124; Embase: 165; CNKI: 10). After excluding studies not fulfilling our inclusion criteria including two abstracts not providing genotype frequencies, we included 25 articles (3 abstracts and 22 full text articles) with 3443 IBS cases and 3359 controls into our metaanalysis [10] [11] [12] . Among the selected studies, 11 studies were conducted in the Caucasian population, 9 studies were conducted in the East Asian population, two studies was conducted in the Indian population, one study was conducted in the Iranian population, one study was conducted in the Turkish population and one study was conducted in the Mexican population. In searching reference lists, relevant meta-analyses and reviews, no additional articles were identified. The flow chart of study selection is presented in Figure 1 . And the characteristics of selected studies are illustrated in Table 1 . The PRISMA Statement is illustrated in Additional file 1. The searching processes of Pubmed, Embase and Web of Science are illustrated in Additional file 2.
Assessment of the risks of bias
Selection bias IBS cases were diagnosed and selected in accordance with the Rome criteria. Because of the evolution of the Rome criteria, all of the three Rome criteria were used by studies included in our meta-analysis. Two studies used Rome I criteria to diagnose IBS [10, 20] , thirteen studies used Rome II criteria to diagnose IBS [11, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] 33] , nine studies used Rome III criteria to diagnose IBS [32, [34] [35] [36] [37] [38] [39] [40] [41] and one study selected patients from an IBS database [14] . Only four studies provided detailed descriptions of matching methods [22, 23, 26, 28] . Measures were used to exclude IBS in controls in only seven studies [12, 22, 26, 27, 31, 35, 38] . Most studies selected IBS patients based on IBS subtypes [10] [11] [12] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [34] [35] [36] [37] [38] [39] [40] [41] .
Information bias Twenty four studies used allele-specific polymerase chain reaction (AS-PCR) to determine genotypes [10] [11] [12] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [33] [34] [35] [36] [37] [38] [39] [40] [41] . One study used polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) to detect genotypes [32] . Two researches were carried out under blind conditions [30, 39] . Four studies used the DNA sequencing method to confirm genotypes [11, 12, 34, 41] . All experiments were repeated to ensure consistency for quality control purposes in one study [25] . No phenotype misclassification was reported in the selected studies.
Confounding factors Age and gender distributions were comparable among arms in nine studies [11, 22, 23, 26, 28, 31, 34, 35, 37] , while the other studies did not describe the age and gender distributions among groups. All studies matched cases and controls ethnically.
Meta-analysis of the association between 5-HTTLPR polymorphism and IBS
Detailed meta-analysis results, models used in each comparison and P values for Bonferroni adjustment are shown in Table 2 and Table 3 . A wide variation of allele L frequency between the East Asian population and the Caucasian population was found. L allele frequency of the East Asian population controls (29.627%, 95% CI = 19.532%-39.721%) was significantly lower than that of the Caucasian population controls (52.182%, 95% CI = 45.166%-59.198%) (P = 0.0003). The box plots are illustrated in Figure 2 .
Meta-analysis about IBS
No significant association was found between this polymorphism and IBS in the overall population. In the analysis of the Caucasian population, only the LL vs LS contrast showed a positive result (OR = 1.288, 95% CI = 1.079-1.536, P = 0.005, Bon = 0.030). There was no association between the 5-HTTLPR polymorphism and IBS in the East Asian, Iranian, Turkish, Indian and Mexican population.
Meta-analysis about IBS-C
The LL genotype was a risk factor for IBS-C development in the overall population (LL vs SS: OR = 1.570, 95% CI = 1.147-2.148, P = 0.005, Bon = 0.030; LL vs LS: OR = 1.658, 95% CI = 1.180-2.331, P = 0.004, Bon = 0.024; LL vs LS/SS: OR = 1.545, 95% CI = 1.187-2.012, P = 0.001, Bon = 0.006). In the subgroup analysis of the East Asian population, L allele and LL genotype were significantly associated with increased IBS-C risk in a recessive way (L vs S: OR = 1.487, 95% CI = 1.139-1.941, P = 0.003, Bon = 0.018; LL vs SS: OR = 2.575, 95% CI = 1.741-3.808, P = 0.000, Bon = 0.000; LL vs LS: OR = 3.084, 95% CI = 2.017-4.715, P = 0.000, Bon = 0.000; LL vs LS/SS: OR = 2.759, 95% CI = 1.933-3.938, P = 0.000, Bon = 0.000). Forest plots with positive results of the East Asian population are shown in Figure 3 . However, there was no significant association between this polymorphism and IBS-C development in the Caucasian, Iranian, Turkish and Indian population. The study conducted in the Mexican population did not evaluate the effect of the 5-HTTLPR polymorphism on IBS-C subtype.
Meta-analysis about IBS-D and IBS-M
No significant association was found between this polymorphism and IBS-D and IBS-M in the overall population. In subgroup analysis, there was no significant association between this polymorphism and IBS-C and IBS-M development in the Caucasian, East Asian, Indian and Iranian population. In the analysis between the 5-HTTLPR polymorphism and IBS-D in the Turkish population, only the LS vs SS contrast showed a positive result (OR = 8.471, 95% = 1.811-39.626, P = 0.007, Bon = 0.042).
No association was found between this polymorphism and IBS-M development in the Turkish population. The study conducted in the Mexican population did not evaluate the effect of this polymorphism on IBS-D and IBS-M subtypes.
Sensitivity analysis
After excluding studies not fulfilling HWE or not providing HWE data, the conclusions of our meta-analysis were not changed. The conclusions were not changed either when we used both a fixed and a random model to perform meta-analyses.
Evaluation of publication bias
The Begg funnel plot was symmetry in the overall IBS analysis, as shown in Figure 4 . Begger's test showed no publication bias in the overall IBS analysis (P = 0.529).
Discussion
Gut motility dysfunction, visceral hypersensitivity and psychopathological factors have been implicated to play key roles in the development of IBS [1, 3] . Recently, some scholars integrated the above factors and postulated a model called brain-gut axis (BGA), which is bi-directional and constitutes the enteric nervous system (ENS) and the gut wall, CNS and the hypothalamus-pituitary-adrenal (HPA) axis [42] . BGA dysfunction at each level is believed to be involved in the pathophysiology of IBS [43] . Psychopathological factors cause gut motility dysfunction, abnormal mucosa secretion and visceral hypersensitivity via BGA and vice versa. So BGA model may be the optimal model in understanding IBS pathophysiology and can explain most of the presentations of IBS frequently accompanied with psychological conditions. Neural, endocrine and neuro-immune pathways are all involved in BGA. And neurotransmitters are involved in all the three pathways, so inappropriate neurotransmitter secretion could cause BGA dysfunction and plays a key role in IBS development. Serotonin existing in not only GI tracts but also CNS is one of these neurotransmitters. Changes of the serotonin levels in GI tracts can affect visceral sensitivity and gut motility [7, 44] . Previous studies have also showed that elevated plasma serotonin is associated with IBS-D and decreased plasma serotonin is associated with IBS-C [7] . Once serotonin is secreted from EC cells, SERT will be activated to reuptake serotonin back into EC cells and attenuate the effect of serotonin in GI tracts subsequently [8] . The L variation of 5-HTTLPR is found to increase the expression of SERT gene and enhance SERT activity consequently [9] [10] [11] 34] . The enhanced SERT activity would take up serotonin and weaken its effects in promoting gut secretion and motility. So compared with S allele and SS genotype carriers, L allele and LL genotype carriers are likely to be more susceptible to IBS-C. The results of our metaanalysis support this hypothesis. However, the effect of 5-HTTLPR on IBS-C is population dependent and the positive association is only present in the East Asian population but not in the Caucasian population. We also found that L allele frequency of the East Asian population controls was significantly lower than that of the Caucasian population controls. So the different allelic frequency between the two populations may account for this phenomenon. Furthermore, there is a higher prevalence of psychological and psychiatric disorders among IBS patients [45] . The state of CNS can also affect the development of IBS. However, the effect of the 5-HTTLPR variant on CNS is different from that on GI tracts in IBS development. A meta-analysis demonstrated that the S variant was associated with heightened amygdala activation which would predispose S carriers to stress-related psychiatric disorders [46] . Another meta-analysis also showed a positive association between the S allele and an increased risk of developing depression under stress [47] . The S allele may increase the risk of IBS-C development through the CNS pathway. So the opposite effect of 5-HTTLPR variant on GI tracts and CNS during IBS-C development may also account for some variations among studies assessing the association between the 5-HTTLPR variant and IBS-C. Future studies should exclude the psychological confounding factors or stratify analyses based on psychological conditions. IBS may be further categorized into subtypes based on psychological conditions besides of the Rome criteria. Additionally, an adenine to guanine polymorphism in the L allele has been recently identified and only the adenine L allele but not the guanine L allele is found to increase the activity of SERT [48] . This internal L allele polymorphism may attenuate the effect of the L allele on IBS-C development. Only one small sample size study included in our meta-analysis evaluated the effect of internal L allele polymorphism on IBS development and showed a negative result. Future studies should further assess the effect of the 5-HTTLPR polymorphism on IBS-C according to the internal L allele polymorphism. Moreover, a study indicates that the S allele is associated with higher pain sensory ratings during rectal distension studies in healthy controls and IBS patients, and the increased sensation ratings in carriers of the S allele are not caused by lower rectal compliance [27] . Different genotype and allele may have different effects on gut motility and intestinal sensation respectively. This phenomenon also indicates the complexity of IBS and the necessity to classifying IBS based on pathophysiology. Clarifying genotypes of the 5-HTTLPR polymorphism also has clinical implications. One study found that IBS-C patients with the LL genotype responded poorly to treatment with the 5-HT4 receptor agonist, tegaserod [25] . Another study investigating rectal smooth muscle contractions found that IBS patients with the SS genotype showed more increase in phasic contractions compared with patients with the LL genotype after administration of the 5-HT4 receptor agonist, mosapride [49] . Determining the genotype of the 5-HTTLPR polymorphism may be of value to the prognosis and the prediction of treatment response in a IBS-C patient.
The conclusions of this meta-analysis are a little different from the previous meta-analyses. As we know, this meta-analysis is the latest one and has the largest sample size. So the result of our meta-analysis is more likely convincing. However, the conclusions of this meta-analysis should be interpreted cautiously due to some limitations. Firstly, selection bias could not be excluded as only seven studies employed measures to exclude IBS in the controls. Secondly, only four studies used the DNA sequencing method to confirm genotypes, and two studies used blindness measures. Information bias is inevitable. Thirdly, most of the included studies did not describe the age and gender distribution between cases and controls. Confounding factors could not be excluded. Moreover, heterogeneity existed in some contrasts which might also affect the validity of this meta-analysis. Although the Egger's test showed no publication bias existing, the data of two abstracts were not included in this meta-analysis for failing to provide genotype frequencies. Thus a reporting bias existed. Moreover, we employed the Bonferroni adjustments method to avoid false positive results, the risk of false negative results occurrence would be increased. So when interpreting the negative results of our metaanalysis, we should be cautious.
